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tURf and the enviRonment
Measuring Evapotranspiration in Urban 










































































































Table 1. Cumulative reference crop evapotranspiration (ETo) and actual evapotranspiration (ETactual) for each period of residential deployment based on 



















1 9/30	–	10/5 0.52 6.9 12.8 14.7 7.6 9.4 1.8 18.9
2 9/30	–	10/5 0.78 10.7 12.8 14.7 11.5 9.4 -2.1 -22.5
3 10/7	–	10/13 0.85 5.2 8.4 7.5 4.7 4.8 0.1 1.7
4 10/7	–	10/14 0.17 2.6 4.5 7.4 2.4 4.8 2.3 49.5
5 10/15	–	10/21 0.69 7.9 9.9 12.4 7.7 7.9 0.2 3.1
6 10/16	–	10/22 0.56 6.9 9.6 12.0 5.9 7.7 1.8 23.0
7 10/23	–	10/29 0.69 5.6 7.0 10.1 6.9 6.5 -0.4 -6.8
8 10/24	–	10/29 0.50 3.5 6.2 8.2 4.2 5.3 1.0 20.3
Standard	deviation	of	the	difference	between	using	Kc	and	Kc,i	is	±21.9%	(±1.5	mm).
5
tURf and the enviRonment
Figure 1. Schematic of the small tripod-mounted weather stations deployed in residen-
tial lawns.




tURf and the enviRonment



































Figure 4. Cumulative reference crop evapotranspiration (ETo) reported by three tripods 
during deployment on one property and cumulative ETo and actual evapotranspiration 
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tURf and the enviRonment
Measurements of Photosynthesis, Respiration, 

































2	See	article	on	p.	74	in	this	report,	Irrigation Requirements of 28 Kentucky Bluegrass Cultivars 
and Two Texas Bluegrass Hybrids in the Transition Zone.
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tURf and the enviRonment
Figure 1. Large chamber fabricated to measure CO2 fluxes in turfgrass. 
The	system	was	connected	to	and	controlled	by	a	datalogger	in	the	red	cooler.	Measurements	
with	the	sunlit	chamber	represented	net	photosynthesis	of	the	turfgrass	ecosystem.
Figure 2. A dual-probe heat-capacity sensor built at K-State to measure soil moisture at 
specific depths. 
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tURf and the enviRonment
Figure 3. The chamber was shaded with an opaque, cardboard box to obtain measure-
ments of canopy and soil respiration (Rc + Rs) with no photosynthesis.

































Figure 5. Estimates of gross photosynthesis (Pg) during a 26-day drydown for four Ken-
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Nu Destiny 20 cm
Thermal BB 20 cm
Baron 20 cm
Figure 6. Measurements of volumetric soil water content at 2 in. (5 cm) and 8 in. 
(20 cm) during the 26-day drydown among four Kentucky bluegrasses and a hybrid 
bluegrass (Thermal Blue Blaze).
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tURf and the enviRonment
Potential for Slow-Release Polymer-Coated 
and Organic Nitrogen Fertilizers to Mitigate 











































































































tURf and the enviRonment
Table 1. Dates of nitrogen fertilizer application to bermudagrass plots
Day	of	year Poly Organic Urea
--------------------lb	N/1,000	ft2--------------------
2007
165 4 1 1
185 — 1 1
213 — 1 1
255 — 1 1
2008
162 4 1 1
189 — 1 1
224 — 1 1
243 — 1 1
Table 2. Average fluxes of N2O-N in the first and second weeks after nitrogen fertiliza-
tion and at all other times (background)
Timing Poly Organic Urea
------------------	μg	N2O-N/m2	per	hour------------------
Background 187	aA 143	abB 105	bC
First	week1 186	bA 276	abA 333	aA



































































Figure 1. (A) Fluxes of N2O-N from plots fertilized with polymer-coated urea (poly), 
organic nitrogen, and urea; (B) water-filled porosity (WFP) in the 0- to 6-in. profile; (C) 
average soil temperature at 2 in. among treatments and air temperature at 6.5 ft during 
sampling periods. 
Vertical dashed lines represent fertilizer application dates. Plus symbol (+) indicates signifi-
cant differences between one and the other two treatments on a given date.
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Figure 2. (A) Fluxes of N2O-N from plots fertilized with polymer-coated urea (poly), 
organic nitrogen, and urea; (B) water-filled porosity (WFP) in the 0- to 6-in. profile; 
(C) average soil temperature at 2 in. among treatments and air temperature at 6.5 ft at 
sampling.
Vertical dashed lines represent fertilizer application dates. Multiplication symbol (×) 
along the abscissa in panel A indicate significant differences between at least 2 treatments 
(P < 0.05), plus symbol (+) indicates significant differences between one and the other two 
treatments, and diamond symbol (¿) indicates differences between all three treatments on a 
given date.
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Figure 3. Cumulative fluxes of N2O-N from plots fertilized with polymer-coated urea 
(poly), organic nitrogen, and urea. 
Vertical dashed lines represent fertilizer application dates. There were no significant differ-
ences in cumulative N2O emissions among treatments.
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tURf and the enviRonment
Relationships Between Spectral Reflectance and 
















































































































tURf and the enviRonment
Table 1. Average normalized difference vegetation index (NDVI) in high-mown (3 in.) and low-mown 
(1.5 in.) plots of Kentucky bluegrass (Apollo) and a hybrid bluegrass (Thermal Blue) during 2005 (n = 
96) and 2006 (n = 72)
NDVI
Year Turfgrass High Low P	value1
2005 Kentucky	bluegrass 0.804 0.790 0.23
Hybrid	bluegrass 0.760 0.727 0.02
2006 Kentucky	bluegrass 0.795 0.744 0.009
Hybrid	bluegrass 0.808 0.755 0.0005
Data	are	from	100%	evapotranspiration	plots.
1	Indicates	level	of	significance	of	differences	between	high-	and	low-mown	plots	in	each	turfgrass	in	each	year.
Table 2. Models from Kentucky bluegrass (KBG; Apollo) and a hybrid bluegrass (HBG; Thermal Blue) 
in 2005 (n = 192) and 2006 (n = 144), 95% confidence intervals (CI), coefficients of determination (r2) 











2005 Low NDVI=0.063*VQ+0.337 ±1.66 0.75 0.0533
High NDVI=0.068*VQ+0.316 ±1.34 0.81
2006 Low NDVI=0.051*VQ+0.437 ±2.75 0.40 0.0444 0.0255
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Figure 1. Normalized difference vegetation index (NDVI) in high-mown (3 in.) and 
low-mown (1.5 in.) plots of Kentucky bluegrass (Apollo) and a hybrid bluegrass (Ther-
mal Blue) during 2005 and 2006.
Data are from 100% evapotranspiration plots. Significant differences between mowing 
treatments on a given date are denoted along the abscissa by “+” (P < 0.05) or “×” (P < 0.1). 
Dashed line on day-of-year 142 in 2006 indicates the beginning of the low mowing 
treatment.
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Figure 2. Green leaf area index (LAI) and biomass in high-mown (3 in.) and low-mown 
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weed and disease contRol
Moss Control in Creeping Bentgrass Putting 
Greens Using Conventional and Alternative 
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Figure 1. Influence of management systems on moss severity in creeping bentgrass 







weed and disease contRol
Alternative Chemical Controls for Silvery-






























































































































weed and disease contRol
Table 1. Effect of treatments on moss severity in 2009 
Moss	severity1


































































Table 2. Effect of treatments on moss color in 2009
Moss	color1
Treatment	and	rate2 May	22 May	28 June	4 June	10 June	18 July	2 July	17 July	30 Sept.	12 Sept.	23 Sept.	25 Oct.	5 Oct.	7 Oct.	20
Untreated	control	
(N/A)
5.0	a 5.0	a 5.0	a 5.0	a 3.8	a 5.0	a 5.0	a 5.0	a 4.3	abc 4.8	a 4.8	a 3.0	abcd 3.5	ab 4.5	a
Sodium	bicarbonate		
(6	oz/gal)3
2.3	e 2.0	e 2.1	ef 1.5	cd 1.5	de 3.8	bc 4.8	a 4.8	a 2.0	f 1.8	d 1.3	de 1.8	cdef 2.0	bc 2.0	cd
Sodium	bicarbonate		
(3	oz/gal)3
2.0	e 3.5	c 2.6	de 2.5	c 2.8	
abcd
4.0	b 4.8	a 5.0	a 2.0	f 3.0	c 1.5	de 1.3	def 1.5	cd 2.8	bcd
Potassium	bicarbonate		
(6	oz/gal)3





3.3	d 4.5	ab 3.8	c 4.0	ab 3.5	ab 5.0	a 4.5	a 4.8	a 3.5	de 4.5	ab 3.3	c 3.5	abc 3.8	a 4.5	a
Mossbuster		
(Ready-to-use)3
1.9	e 2.0	e 1.0	g 1.0	de 1.3	e 1.0	d 2.5	b 3.8	b 2.0	f 1.5	d 1.0	e 1.0	ef 1.3	cd 1.5	de
Sodium	bicarbonate		
(36	oz/1,000	ft2)
3.4	cd 4.0	bc 3.9	bc 4.0	ab 2.8	
abcd





3.0	d 3.8	c 3.8	c 4.5	ab 2.3	
bcde










3.8	bc 4.0	bc 4.5	ab 4.8	ab 3.5	ab 5.0	a 5.0	a 5.0	a 4.5	ab 4.8	a 4.5	ab 4.0	a 4.3	a 4.3	a
Potassium	bicarbonate		
(36	oz/1,000	ft2)
4	b 4.0	bc 2.9	d 3.8	b 3.0	abc 4.5	ab 4.5	a 5.0	a 3.8	cd 3.8	bc 3.8	bc 3.8	ab 3.8	a 3.8	ab
Quicksilver		
(0.14	oz/1,000	ft2)


























Table 3. Effect of treatments on creeping bentgrass quality in 2009
Quality1
Treatment	and	rate2 May	22 May	28 June	4 June	5 June	10 June	18 July	2 Sept.	12 Sept.	23 Sept.	25 Oct.	2 Oct.	7 Oct.	20
Untreated	control	
(N/A)
7.9	a 8.8	a 8.4	a 8.0	a 8.3	a 8.3	ab 8.8	ab 8.8	a 8.0	a 7.8	a 7.8	ab 7.5	ab 8.0	a
Sodium	bicarbonate		
(6	oz/gal)3
7.6	ab 7.3	b 3.9	f 3.8	f 5.8	d 7.5	dce 8.5	ab 5.8	c 6.2	cd 6.0	bc 6.5	bc 6.3	c 7.3	b
Sodium	bicarbonate		
(3	oz/gal)3
7.8	ab 7.8	b 7.5	abc 7.3	ab 8.3	a 8.5	a 8.8	ab 6.5	bc 6.8	bcd 7.0	abc 7.3	ab 7.3	abc 7.5	ab
Potassium	bicarbonate		
(6	oz/gal)3
7.0	b 7.3	b 6.4	de 5.5	de 5.3	d 7.0	e 8.3	b 7.0	b 7.3	abc 6.3	bc 5.5	c 6.3	c 7.5	ab
Potassium	bicarbonate		
(3	oz/gal)3
7.9	a 7.3	b 7.3	bcd 7.0abc 7.8	ab 7.8	bcd 8.3	b 6.8	bc 7.8	ab 7.0	abc 7.3	ab 7.8	ab 7.8	ab
Mossbuster		
(Ready-to-use)3
2.9	d 5.0	c 6.9	cd 6.8	bc 5.3	d 7.0	e 9.0	a 3.3	e 5.8	d 7.0	abc 7.0	ab 6.3	c 7.3	b
Sodium	bicarbonate		
(36	oz/1,000	ft2)
6.0	c 8.0	ab 3.6	f 3.8	f 7.0	bc 8.0	abc 8.8	ab 6.5	bc 7.5	abc 5.8	cd 6.5	bc 7.0	abc 7.3	b
Sodium	bicarbonate		
(18	oz/1,000	ft2)
7.5	ab 7.3	b 5.6	e 6.0	cd 7.8	ab 8.0	abc 8.5	ab 8.5	a 8.3	a 6.8	abc 8.0	a 8.0	a 7.8	ab
Potassium	bicarbonate		
(1.84	oz/1,000	ft2)
7.8	ab 7.5	b 7.8	abc 7.8	ab 8.3	a 7.8	bcd 8.5	ab 8.8	a 8.0	a 7.3	ab 7.8	ab 7.5	ab 8.0	a
Potassium	bicarbonate		
(4.4	oz/1,000	ft2)
7.6	ab 7.5	b 7.9	ab 7.8	ab 8.5	a 8.0	abc 8.3	b 8.5	a 8.0	a 7.8	a 7.8	ab 7.5	ab 8.0	a
Potassium	bicarbonate		
(36	oz/1,000	ft2)
7.6	ab 7.8	b 4.1	f 4.5	ef 6.3	cd 7.3	de 8.8	ab 4.5	d 7.3	abc 4.5	d 7.0	ab 6.8	bc 7.5	ab
Quicksilver		
(0.14	oz/1,000	ft2)
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Table 4. Days to acceptable turf quality in 2009
Days	to	acceptable	turf	quality1
Treatment	and	rate May	21 June	4 Sept.	11 Sept.	24
Untreated	control	
(N/A)
1 1 1 1
Sodium	bicarbonate		
(6	oz/gal)2
1 14 12 1
Sodium	bicarbonate		
(3	oz/gal)2
1 1 1 1
Potassium	bicarbonate		
(6	oz/gal)2
1 14 1 1
Potassium	bicarbonate		
(3	oz/gal)2
1 1 1 1
Mossbuster		
(Ready-to-use)2
14 1 14 1
Sodium	bicarbonate		
(36	oz/1,000	ft2)
1 6 1 8
Sodium	bicarbonate		
(18	oz/1,000	ft2)
1 1 1 1
Potassium	bicarbonate		
(1.84	oz/1,000	ft2)
1 1 1 1
Potassium	bicarbonate		
(4.4	oz/1,000	ft2)
1 1 1 1
Potassium	bicarbonate		
(36	oz/1,000	ft2)
1 6 12 13
Quicksilver		
(0.14	oz/1,000	ft2)






weed and disease contRol
Figure 1. Untreated plot 5 days after the first application on May 21, 2009.
Figure 2. Research plot 5 days after being treated with Mossbuster on May 21, 2009.
40
weed and disease contRol
Figure 3. Research plot 5 days after being treated with Quicksilver on May 21, 2009.
Figure 4. Research plots on June 3, 13 days after the first application on May 21, 2009.
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Response of Silvery-Thread Moss to Nitrogen 







































































weed and disease contRol
Table 1. Moss response to nitrogen source in 2009
Moss	severity1
Treatment2 May	5 August	7 October	30
Untreated 100 47.5 56.2
Urea	(46-0-0)
Foliar 100 62.5 76.8
Granular3 100 35.0 74.8
IBDU	(31-0-0) 100 55.6 94.8









Table 2. Effect of treatments on creeping bentgrass color
Turfgrass	color1
Treatment June	4 July	9 Aug.	7 Sept.	30 Oct.	30
Untreated 6.0	c 3.7	c 4.3	b 4.7	c 5.0	c
Urea	(46-0-0)
Foliar 7.7	ab 8.0	a 7.7	a 8.0	a 7.7	a
Granular2 8.0	a 6.7	b 7.7	a 7.7	a 7.7	a
IBDU	(31-0-0) 6.7	bc 6.7	b 7.3	a 6.7	b 7.0	ab






weed and disease contRol
Figure 1. Research plots after the first fertility treatment on May 14, 2009.
Figure 2. Research plots on June 18, 2009, after three fertility treatments.
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Figure 3. Research plot after being treated with isobutydine diurea on Sept. 30, 2009.
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Susceptibility of Creeping Bentgrass Cultivars to 
































































































Table 1. Dollar spot severity at fairway height in 2009
Dollar	spot	severity1
Cultivar Sept.	9 Sept.	30 Oct.	21 AUC2
L-93 14.3	bcde 51.0	bc 43.2	b 289.8	bc
T-1 20.2	bc 68.3	bc 48.3	b 341.7	bc
Alpha 15.5	bcde 64.5	bc 46.0	b 353.7	bc
Kingpin 8.0	de 30.0	bc 23.2	b 191.1	bc
Crenshaw 57.8	a 178.0	a 152.3	a 1018.2	a
Penncross 12.8	dce 52.7	bc 39.3	b 308.5	bc
A-4 29.0	b 71.0	bc 47.7	b 393.8	bc
Crystal	Bluelinks 9.3	de 44.2	bc 28.3	b 252.3	bc
007 12.5	cde 21.2	bc 13.8	b 151.1	bc
Mackenzie 8.8	de 49.3	bc 36.3	b 270.5	bc
Memorial 10.3	de 33.7	bc 26.0	b 214.2	bc
Independence 20.2	bcd 78.3	b 60.7	b 413.83	bc
Declaration 2.5	e 16.5	c 10.2	b 110.6	c
LS-44 20.2	bcd 71.0	bc 50.0	b 383.3	bc
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Table 2. Dollar spot severity at putting green height in 2009
Dollar	spot	severity1
Cultivar Sept.	9 Sept.	30 Oct.	21 AUC2
L-93 7.0	bc 3.0	b 1.2	b 30.8	b
T-1 41.0	bc 23.0	b 14.2	b 217.6	b
Alpha 24.3	bc 16.0	b 8.3	b 130.0	b
Kingpin 1.8	c 0.0	b 0.0	b 4.8	b
Crenshaw 84.8	a 87.2	a 71.7	a 588.5	a
Penncross 7.0	bc 2.3	b 0.5	b 25.4	b
A-4 22.8	bc 15.2	b 8.2	b 120.8	b
Crystal	Bluelinks 4.5	bc 2.5	b 1.2	b 19.3	b
007 25.2	bc 17.3	b 7.8	b 140.3	b
Mackenzie 26.3	bc 17.2	b 8.8	b 129.3	b
Memorial 1.2	c 0.3	b 0.0	b 3.0	b
Independence 47.0	ab 32.7	b 21.2	b 243.9	b
Declaration 3.2	c 1.5	b 0.2	b 15.1	b
LS-44 19.5	bc 9.8	b 5.7	b 87.2	b





Table 3. Creeping bentgrass quality at fairway height in 2009
Turfgrass	quality1
Cultivar May	14 July	23 Sept.	30 Oct.	16
L-93 7.0	cd 7.0	cd 7.5	abc 8.2	abc
T-1 7.7	ab 6.3	e 7.0	bc 8.2	abc
Alpha 7.3	bc 6.7	de 7.2	abc 7.8	abc
Kingpin 7.7	ab 7.7	ab 7.7	ab 8.3	ab
Crenshaw 6.7	d 7.3	bc 5.7	d 6.7	d
Penncross 7.0	cd 8.0	a 7.3	abc 8.7	a
A-4 7.3	bc 6.3	e 6.7	c 7.8	abc
Crystal	Bluelinks 7.3	bc 7.3	bc 7.5	abc 8.3	ab
007 8.0	a 7.0	cd 8.0	a 8.0	abc
Mackenzie 7.7	ab 7.3	bc 7.3	abc 8.2	abc
Memorial 8.0	a 7.3	bc 7.8	ab 8.2	abc
Independence 7.3	bc 6.7	de 6.7	c 7.5	bcd
Declaration 7.7	ab 5.7	f 7.8	ab 8.0	abc
LS-44 7.7	ab 7.3	bc 7.3	abc 8.0	abc
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Table 4. Creeping bentgrass quality at green height in 2009
Turfgrass	quality1
Cultivar May	14 July	23 Sept.	30 Oct.	16
L-93 6.7	d 8.3	ab 8.3	bcd 6.7	c
T-1 7.7	ab 9.0	a 8.8	ab 7.5	a
Alpha 8.0	a 8.7	a 8.5	abc 6.8	bc
Kingpin 7.3	bc 8.7	a 9.0	a 7.3	ab
Crenshaw 7.0	cd 8.7	a 8.7	abc 6.7	c
Penncross 7.3	bc 8.7	a 8.2	cd 7.2	abc
A-4 7.0	cd 8.7	a 8.7	abc 7.0	abc
Crystal	Bluelinks 7.3	bc 8.7	a 8.5	abc 7.0	abc
007 7.7	ab 7.7	b 7.8	d 7.3	ab
Mackenzie 6.7	d 8.3	ab 8.3	bcd 7.0	abc
Memorial 7.3	bc 9.0	a 8.3	bcd 6.7	c
Independence 7.7	ab 8.7	a 8.5	abc 7.2	abc
Declaration 7.3	bc 9.0	a 8.7	abc 7.5	a
LS-44 7.7	ab 8.7	a 9.0	a 7.3	ab




Figure 1. Fairway study area on June 11, 2009 (8 months after being seeded in Septem-
ber 2008).
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Figure 2. Putting green study area on June 11, 2009 (8 months after being seeded in 
September 2008).
Figure 3. Crenshaw creeping bentgrass, not treated with fungicide, at green height on 
Sept. 30, 2009. 
52
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Figure 4. Declaration creeping bentgrass, not treated with fungicide, at green height on 
Sept. 30, 2009.
Figure 5. L-93 creeping bentgrass, not treated with fungicide, at green height on Sept. 
30, 2009.
53
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Figure 6. Penncross creeping bentgrass, not treated with fungicide, at green height on 
Sept. 30, 2009.
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Evaluation of Fungicide Applications for 
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Table 1. Spring dead spot severity as influenced by fungicide treatment
Disease	severity
Treatment	and	rate/1,000	ft2 Application	timing May	22 June	5
Untreated n/a 15.8	a 12.5	a
Rubigan	1AS	6.0	fl	oz Sept.	9,	2008 5.5	a 7.0	a
Rubigan	1AS	6.0	fl	oz Oct.	2,	2008 33.8	a 22.0	a
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Preventative Fungicide Applications for Control 
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Treatment1	and	rate/1,000	ft2 June	19 July	17 Aug.	12 Aug.	28 Sept.	10 July	17
Untreated	control 7.0	a 4.3	a 14.5	a 20.0	a 42.5	a 2.3	a
Honor	28WG	0.55	oz 14 0.0	b 0.0	b 0.0	b 0.0	b 0.0	b 0.0	b
Insignia	20WG	0.5	oz	+	 14 0.0	b 0.0	b 0.0	b 0.0	b 0.0	b 0.0	b
Trinity	1.69SC	1.0	fl	oz
Emerald	70WG	0.13	oz 14 0.0	b 0.0	b 0.0	b 0.0	b 0.0	b 0.0	b
Emerald	70WG	0.18	oz 21 1.0	b 0.0	b 0.0	b 0.0	b 0.0	b 0.0	b
Honor	28WG	0.83	oz 14 0.0	b 0.0	b 0.0	b 0.0	b 0.0	b 0.0	b
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Preventative Demethylation Inhibitor Fungicide 
Applications for Control of Dollar Spot and 
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Treatment1	and	rate/1,000	ft2 June	19 July	17 Aug.	12 Aug.	27 July	17
Untreated	control 5.5	a 4.8	a 7.8	a 8.8	a 5.8	a
Triton	Flo	3.1SC	0.5	fl	oz 14 0.0	b 0.0	b 0.0	b 0.0	b 0.0	b
Triton	Flo	3.1SC	0.75	fl	oz 14 0.0	b 0.0	b 0.0	b 0.0	b 0.0	b
Triton	Flo	1.0	fl	oz 14 0.0	b 0.0	b 0.0	b 0.0	b 0.0	b
Banner	Maxx	2.0	fl	oz 14 0.0	b 0.0	b 0.0	b 0.0	b 0.0	b
Reserve	4.8SC	2.8	fl	oz 14 0.0	b 0.3	b 0.3	b 0.0	b 0.0	b
Reserve	4.8SC	3.2	fl	oz 14 0.0	b 0.0	b 0.0	b 0.0	b 0.0	b
Reserve	4.8SC	3.6	fl	oz 14 0.0	b 0.0	b 0.0	b 0.0	b 0.0	b
Reserve	4.8SC	4.5	fl	oz 14 0.0	b 0.0	b 0.0	b 0.0	b 0.0	b
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Efficacy of DuPont Imprelis Granular 
Formulation and Granular Combination 










































Table 1. Treatments and rates





1 Imprelis aminocyclopyrachlor 0.05GF-S 0.075 150	lb 3.44	lb
2 Imprelis aminocyclopyrachlor 0.05GF-S 0.087 175	lb 4.0	lb
3 Imprelis aminocyclopyrachlor 0.05GF-S 0.1 200	lb 4.6	lb
4 Imprelis aminocyclopyrachlor 0.05GF-E 0.075 150	lb 3.44	lb
5 Imprelis aminocyclopyrachlor 0.05GF-E 0.087 175	lb 4.0	lb
6 Imprelis aminocyclopyrachlor 0.05GF-E 0.1 200	lb 4.6	lb
7 Momentum	Force 2,4-D;	MCPA;	Dicamba GF-E 2.72 156.8	lb 3.6	lb
8 DPX-Q9T28-001 E2Y45/MAT28 0.067/0.067GF-E 0.1/0.1 150	lb 3.44	lb
9 Untreated
10 Drive	75DF Quinclorac Sprayable 0.75 1	lb 0.367	oz
6 9 2 4 10 Rep 1
5 8 7 1 3
8 9 10 5 3 Rep 2
6 7 4 1 2
6 4 7 10 2 Rep 3
9 8 1 5 3
1 4 9 2 5 Rep 4
8 6 10 7 3
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Imprelis 0.075 45.0	bc 27.5	b 5.3	b 0.0	b 0.0	b 0.0	b 0.0	b
Imprelis 0.087 47.5	b 22.5	bc 3.5	bc 0.0	b 0.0	b 0.0	b 0.0	b
Imprelis 0.1 47.5	b 27.5	b 3.0	bcd 0.0	b 0.0	b 0.0	b 0.0	b
Imprelis 0.075 40.0	bc 22.5	bc 2.8	bcd 0.0	b 0.0	b 0.0	b 0.0	b
Imprelis 0.087 45.0	bc 20.0	bc 1.5	cd 0.0	b 0.0	b 0.0	b 0.0	b
Imprelis 0.1 40.0	bc 12.5	c 0.5	d 0.0	b 0.0	b 0.0	b 0.0	b
Momentum	Force 2.72 35.0	bc 20.0	bc 2.5	bcd 0.5	b 0.3	b 0.0	b 0.0	b
DPX-Q9T28-001 0.1/0.1 42.5	bc 15.0	bc 0.3	d 0.0	b 0.0	b 0.0	b 0.0	b
Untreated 65.0	a 85.0	a 88.8	a 82.5	a 85.0	a 86.25a 82.5	a
Drive	75DF 0.75 32.5	c 12.5	c 1.0	cd 0.0b 0.0	b 0.0	b 0.0	b























Imprelis 0.075 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a
Imprelis 0.087 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a
Imprelis 0.1 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a
Imprelis 0.075 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a
Imprelis 0.087 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a
Imprelis 0.1 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a
Momentum	Force 2.72 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a
DPX-Q9T28-001 0.1/0.1 8.8	b 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a
Untreated 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a
Drive	75DF 0.75 5.0	c 6.0	b 9.0	a 9.0	a 9.0	a 9.0	a 9.0	a
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Imprelis 0.075 8.8	ab 9.0	a 8.8	ab 8.3	a 8.8	a 7.8	a 9.0	a
Imprelis 0.087 8.5	ab 8.8	ab 8.5	ab 8.3	a 8.8	a 7.5	a 8.8	ab
Imprelis 0.1 9.0	a 8.8	ab 9.0	a 8.3	a 8.8	a 7.5	a 8.3	b
Imprelis 0.075 8.0	bcd 8.0	cd 7.5	cde 8.0	a 8.3	ab 7.3	abc 7.3	c
Imprelis 0.087 7.8	cd 7.5	d 8.3	abc 8.3	a 8.5	ab 7.0	bc 7.5	c
Imprelis 0.1 7.8	cd 8.0	cd 7.0	e 8.0	a 8.3	ab 7.5	ab 7.3	c
Momentum	Force 2.72 8.3	abcd 8.3	bc 8.0	bcd 8.5	a 8.3	ab 7.0	bc 7.5	c
DPX-Q9T28-001 0.1/0.1 7.5	d 8.0	cd 7.3	de 8.0	a 8.3	ab 7.3	abc 7.0	c
Untreated 9.0	a 5.0	f 6.0	f 7.0	b 7.0	c 6.0	d 6.0	d
Drive	75DF 0.75 5.0	e 6.0	e 6.8	ef 7.8	ab 8.0	b 6.8	c 7.5	c




Photo 1. Study area on May 27, 2009, before mowing and applications.
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Photo 2. Study area on May 27, 2009; 0 days after treatment.
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Treatment Clover1 Treatment
Turf		
quality2 Treatment Phytotoxicity3 Treatment Product
Rate	
(lb/1,000	ft2)
10 33 3 9 1 9 1 MAT28-70 3.4
7 35 9 9 2 9 2 MAT28-70 4.0
4 40 1 8.8 3 9 3 MAT28-70 4.6
6 40 2 8.5 4 9 4 MAT28-71 3.4
8 43 7 8.3 5 9 5 MAT28-71 4.0
1 45 4 8 6 9 6 MAT28-71 4.6
5 45 5 7.8 7 9 7 Momentum	
Force
3.6
2 48 6 7.8 9 9 8 Q9T28-001 3.4
3 48 8 7.5 8 8.8 9 Untreated 0
9 65 10 5 10 5 10 Drive 0.37	oz




Photo 3. Study area on June 3, 2009; 7 days after treatment.
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Treatment Clover1 Treatment
Turf		
quality2 Treatment Phytotoxicity3 Treatment Product
Rate		
(lb/1,000	ft2)
6 13 1 9 1 9 1 MAT28-70 3.4
10 13 2 8.8 2 9 2 MAT28-70 4.0
8 15 3 8.8 3 9 3 MAT28-70 4.6
5 20 7 8.3 4 9 4 MAT28-71 3.4
7 20 4 8 5 9 5 MAT28-71 4.0
2 23 6 8 6 9 6 MAT28-71 4.6
4 23 8 8 7 9 7 Momentum	
Force
3.6
1 28 5 7.5 8 9 8 Q9T28-001 3.4
3 28 10 6 9 9 9 Untreated 0
9 85 9 5 10 6 10 Drive 0.37	oz




Photo 4. Study area on June 11, 2009; 14 days after treatment. 
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Treatment Clover1 Treatment
Turf		
quality2 Treatment Phytotoxicity3 Treatment Product
Rate	
(lb/1,000	ft2)
8 0.3 3 9.0 1 9 1 MAT28-70 3.4
6 0.5 1 8.8 2 9 2 MAT28-70 4.0
10 1.0 2 8.5 3 9 3 MAT28-70 4.6
5 1.5 5 8.3 4 9 4 MAT28-71 3.4
7 2.5 7 8.0 5 9 5 MAT28-71 4.0
4 2.8 4 7.5 6 9 6 MAT28-71 4.6
3 3.0 8 7.3 7 9 7 Momentum	
Force
3.6
2 3.5 6 7.0 8 9 8 Q9T28-001 3.4
1 5.3 10 6.8 9 9 9 Untreated 0
9 88.8 9 6.0 10 9 10 Drive 0.37	oz




Photo 5. Study area on June 17, 2009; 21 days after treatment.
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Treatment Clover1 Treatment
Turf		
quality2 Treatment Phytotoxicity3 Treatment Product
Rate	
(lb/1,000	ft2)
1 0 7 8.5 1 9 1 MAT28-70 3.4
2 0 1 8.3 2 9 2 MAT28-70 4.0
3 0 2 8.3 3 9 3 MAT28-70 4.6
4 0 3 8.3 4 9 4 MAT28-71 3.4
5 0 5 8.3 5 9 5 MAT28-71 4.0
6 0 4 8.0 6 9 6 MAT28-71 4.6
8 0 6 8.0 7 9 7 Momentum	
Force
3.6
10 0 8 8.0 8 9 8 Q9T28-001 3.4
7 0.5 10 7.8 9 9 9 Untreated 0
9 82.5 9 7.0 10 9 10 Drive 0.37	oz




Photo 6. Study area on June 26, 2009; 30 days after treatment.
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retention Apr. May June July Aug. Sept. Avg.
BAR	Fa	6235	 6.3 4.7 6.0 4.7 5.0 5.7 5.3 6.7 6.7 5.7
PSG-TTRH 6.0 4.7 6.3 4.7 5.3 5.3 6.0 6.3 6.3 5.7
Reunion	(LS-03)* 7.0 5.7 5.0 5.3 6.7 5.3 5.3 5.3 6.0 5.7
Braveheart	(DP	50-9407)	 7.3 5.7 6.0 5.0 5.0 5.0 5.7 6.3 6.3 5.6
MVS-1107 6.0 5.3 6.3 4.3 5.0 5.3 5.7 6.3 6.7 5.6
Talladega	(RP	3)*	 6.0 5.7 5.7 5.0 6.0 5.3 5.3 5.7 6.0 5.6
SC-1 6.3 7.0 6.7 5.7 4.7 5.0 5.3 6.0 6.3 5.5
Hunter*	 7.3 5.0 6.0 4.7 5.0 5.0 5.0 6.3 6.7 5.4
Crossfire	3	(Col-J)	 6.3 5.0 5.3 4.3 5.7 5.0 5.0 6.0 6.3 5.4
SR	8650	(STR-8LMM)*	 6.3 4.7 5.0 4.7 5.3 5.0 5.7 5.7 6.0 5.4
Speedway	(STR-8BPDX)*	 5.7 5.7 4.7 5.0 5.7 5.0 5.7 5.3 5.7 5.4
PSG-82BR 5.7 5.3 6.0 4.0 5.3 5.0 5.7 6.0 6.3 5.4
PSG-85QR 6.0 5.3 6.0 4.3 5.0 5.0 5.3 6.0 6.3 5.3
STR-8GRQR	 6.0 5.3 6.3 4.7 5.3 5.3 5.7 5.0 6.0 5.3
Wolfpack	II	(PST-5WMB)*	 6.0 5.7 6.3 5.3 5.3 4.7 5.0 5.3 6.3 5.3
Pedigree	(ATF-1199)	 5.7 5.3 5.3 4.7 5.3 5.0 5.3 5.7 5.7 5.3
Raptor	II	(MVS-TF-158)*	 6.3 5.3 5.0 5.0 5.7 5.3 4.3 5.7 5.7 5.3
Einstein*	 6.0 4.7 6.0 4.3 4.7 5.3 5.3 6.0 6.0 5.3
Firecracker	LS	(MVS-MST)*	 5.7 6.3 6.7 4.7 5.3 4.7 5.0 6.0 6.0 5.3
AST	7001*	 7.7 5.0 5.7 4.7 5.0 5.0 5.3 5.7 5.7 5.2
Finelawn	Xpress	(RP	2) 6.0 6.0 6.0 5.0 4.3 4.7 5.0 6.3 6.0 5.2
JT-33	 6.3 5.3 5.7 4.3 4.7 5.0 5.3 5.7 6.3 5.2
Rebel	IV*	 6.0 5.3 5.7 4.3 5.0 4.7 5.0 6.0 6.3 5.2
STR-8BB5 5.3 5.0 5.7 5.0 5.7 4.3 4.3 6.0 6.0 5.2
Sidewinder	(IS-TF-138) 6.3 6.0 5.7 4.7 5.3 5.0 5.0 6.0 5.3 5.2
Titanium	LS	(MVS-BB-1)*	 6.0 5.3 6.0 4.7 6.0 4.7 4.7 5.7 5.7 5.2
ATF	1328 6.3 5.0 4.7 4.3 5.0 5.0 5.0 5.7 6.0 5.2
JT-36	 6.3 4.7 5.7 4.3 5.3 5.3 4.7 5.3 6.0 5.2
Terrier	(IS-TF-135)	 6.3 5.3 5.0 5.0 4.0 5.0 5.7 5.3 6.0 5.2
Tulsa	Time	(Tulsa	III)*	 6.0 5.7 5.7 4.3 4.7 4.7 5.3 5.7 6.3 5.2
Umbrella	(DP	50-9411)	 7.3 4.7 5.3 4.7 5.3 4.7 4.7 5.7 6.0 5.2
Greenbrooks	(TG	50-9460) 6.0 5.3 5.7 4.3 4.7 5.3 5.0 6.0 5.3 5.1
GWTF 6.7 5.0 5.7 4.3 4.7 4.7 5.3 5.7 6.0 5.1
KZ-2 7.0 5.0 5.0 4.0 6.0 4.7 4.7 5.7 5.7 5.1
3rd	Millennium	SRP*	 6.0 5.0 5.7 4.3 5.0 4.7 4.7 5.7 6.0 5.1
Catelyst	(NA-BT-1) 5.7 5.7 5.3 4.7 4.7 4.0 5.3 5.7 6.0 5.1
Corona	(Col-M) 7.0 5.0 5.3 4.7 4.3 5.0 5.0 5.3 6.0 5.1
Honky	Tonk	(RAD-TF17)* 5.7 5.3 5.3 4.3 4.7 5.0 5.3 5.3 5.7 5.1
RNP	 8.0 4.3 4.7 4.3 5.3 4.3 4.7 6.0 5.7 5.1
Faith	(K06-WA)*	 6.7 6.0 6.7 4.7 5.0 4.7 4.7 5.3 6.0 5.1
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retention Apr. May June July Aug. Sept. Avg.
Rembrandt* 5.3 4.3 5.7 4.3 5.7 4.7 4.7 5.7 5.3 5.1
Col-1	 6.3 5.0 6.0 4.3 5.3 4.3 5.0 5.3 6.0 5.1
GE-1 6.0 4.7 5.0 4.3 5.0 5.0 4.7 5.7 5.7 5.1
Lindbergh* 6.0 4.7 6.0 4.3 4.0 4.7 5.3 6.3 5.7 5.1
Cochise	IV	(RKCL)	 6.0 6.3 5.7 5.3 4.3 5.3 4.3 5.3 5.3 5.0
Falcon	NG	(CE	1) 5.7 5.0 5.0 4.3 4.7 4.0 5.3 5.7 6.0 5.0
Gazelle	II	(PST-5HP)*	 5.7 5.0 5.7 4.3 5.3 4.0 5.0 5.7 5.7 5.0
J-140	 6.0 5.7 5.3 4.7 5.3 4.0 4.7 5.3 6.0 5.0
JT-41	 6.0 5.0 4.7 5.0 5.0 4.3 5.0 5.0 5.7 5.0
JT-45	 6.3 5.0 4.7 4.0 5.3 4.7 5.3 5.3 5.3 5.0
RK	5 5.7 6.3 6.0 4.7 5.0 4.7 4.7 5.7 5.3 5.0
Turbo* 6.0 5.7 6.0 4.7 4.7 4.3 5.0 5.3 6.0 5.0
AST	7003*	 7.0 5.3 5.3 4.7 4.7 4.7 4.7 5.7 5.3 4.9
Hudson	(DKS)*	 6.3 4.7 4.7 4.3 5.0 4.7 4.7 5.7 5.3 4.9
Biltmore*	 6.3 4.3 5.7 4.0 4.7 5.0 5.0 5.3 5.7 4.9
Escalade*	 5.7 5.3 5.0 4.0 5.7 4.3 4.3 5.7 5.7 4.9
Padre* 6.0 4.0 5.0 4.3 5.0 4.7 5.3 5.3 5.0 4.9
06-WALK	 6.3 5.0 5.0 4.3 4.7 5.0 5.0 5.3 5.3 4.9
Rhambler	SRP	(Rhambler)* 5.7 6.0 6.3 4.0 5.0 3.7 5.0 6.0 6.0 4.9
Renovate	(LS-11)*	 7.3 5.3 5.3 4.0 4.3 4.3 5.3 5.3 6.0 4.9
Shenandoah	Elite	(RK	6)	 6.0 5.7 5.0 5.0 5.0 3.7 4.3 5.7 5.7 4.9
RK	4 6.0 5.7 5.0 4.0 6.3 3.7 4.7 5.3 5.3 4.9
Skyline* 5.3 4.7 5.0 4.0 5.0 4.7 4.7 5.3 5.7 4.9
BGR-TF1	 6.7 5.0 5.0 4.3 4.3 4.7 5.0 5.0 5.7 4.8
Cannavaro	(DP	50-9440) 5.3 6.0 4.3 4.3 6.0 4.3 4.7 5.0 4.7 4.8
Firenza* 6.0 6.0 5.0 4.7 5.7 4.3 4.3 5.0 5.0 4.8
Shenandoah	III	(SH	3)	 5.7 6.7 5.7 4.7 5.3 4.0 4.7 5.3 5.0 4.8
Trio	(IS-TF-152) 6.3 5.0 5.7 4.7 4.0 4.7 4.7 5.3 5.7 4.8
Van	Gogh	(LTP-RK2)*	 6.0 5.7 5.7 4.3 4.3 4.3 5.0 5.7 5.3 4.8
Darlington	(CS-TF1)* 7.0 4.3 5.0 4.0 5.3 4.0 4.3 5.7 5.3 4.8
AST9003	(AST-1)* 7.7 5.3 5.3 4.0 4.7 4.0 4.7 5.3 5.7 4.7
BGR-TF2	 7.0 5.3 4.7 4.0 5.0 4.0 4.7 5.0 5.7 4.7
Jamboree	(IS-TF-128) 5.7 5.7 4.3 4.3 5.0 4.0 5.0 5.0 5.0 4.7
MVS-341	 5.7 4.7 5.3 4.7 4.7 4.3 4.7 5.0 5.0 4.7
Mustang	4	(M4)*	 6.3 6.0 5.3 4.0 4.7 3.7 4.3 5.7 6.0 4.7
Rocket	(IS-TF-147) 6.3 5.0 5.3 4.0 5.0 4.0 4.3 5.3 5.7 4.7
AST9001	(AST-3)* 7.0 4.7 5.0 3.7 4.7 4.0 4.3 5.7 6.0 4.7
Tahoe	II*	 6.0 4.3 5.7 4.0 5.0 4.3 4.3 5.3 5.3 4.7
0312 6.3 5.3 4.7 3.7 4.7 4.0 5.0 5.3 5.3 4.7
06-DUST	 6.0 5.3 5.0 4.0 4.3 4.0 5.0 5.0 5.7 4.7
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retention Apr. May June July Aug. Sept. Avg.
Aristotle* 6.7 4.0 5.0 3.7 4.7 4.7 4.7 5.0 5.3 4.7
Bullseye*	 5.7 5.7 4.7 5.0 5.3 3.7 4.7 5.0 4.3 4.7
Essential	(IS-TF-154)* 6.0 5.3 5.7 4.3 5.0 4.3 4.3 5.3 4.7 4.7
Hemi*	 6.0 5.0 5.3 4.0 4.7 3.7 4.7 5.7 5.3 4.7
J-130	 5.7 4.7 4.3 4.0 5.0 3.7 5.0 5.0 5.3 4.7
PSG-RNDR 6.0 4.3 5.3 3.7 4.3 4.3 4.3 5.7 5.7 4.7
Spyder	LS	(Z-2000)*	 6.0 5.0 5.0 5.0 2.0 4.7 5.3 5.7 5.3 4.7
Toccoa	(IS-TF-151)*	 6.7 5.7 5.0 3.7 4.7 4.0 4.7 5.7 5.3 4.7
Magellan*	 5.7 4.3 5.0 4.3 4.7 3.7 4.7 5.3 5.0 4.6
Ninja	3	(ATF	1247) 6.3 4.3 5.0 4.0 5.0 4.3 4.0 5.3 5.0 4.6
Traverse	SPR	(RK-1)* 6.0 6.0 6.0 4.7 4.3 3.7 4.0 5.3 5.7 4.6
Compete	(LS-06)* 6.7 4.7 5.0 3.7 5.0 4.3 4.0 5.0 5.3 4.6
PSG-TTST 5.3 5.0 4.7 4.0 4.3 4.0 5.3 5.0 4.7 4.6
Plato* 5.7 5.3 4.7 4.0 5.7 4.0 4.7 4.7 4.3 4.6
Turbo	RZ	(Burl-TF8)* 6.3 5.3 5.7 3.7 4.0 4.0 5.0 5.3 5.3 4.6
Falcon	IV* 5.7 4.7 4.7 4.0 4.3 4.0 4.3 5.0 5.3 4.5
AST9002	(AST-2)* 7.0 5.0 5.3 4.0 5.0 3.7 4.3 5.0 5.0 4.5
Cezanne	Rz	(LTP-CRL)*	 5.7 5.0 5.3 4.3 5.0 4.0 4.0 5.0 4.7 4.5
Falcon	V	(ATM) 5.7 6.3 5.0 5.0 4.7 3.3 4.3 4.7 5.0 4.5
AST1001	(AST-4)	 7.3 5.0 4.3 4.0 4.3 4.0 4.3 5.0 5.0 4.4
Monet	(LTP-610	CL)*	 5.7 6.0 4.7 5.0 3.0 4.3 4.0 5.3 5.0 4.4
JT-42	 6.7 4.7 5.0 3.3 5.0 4.0 4.3 4.7 5.3 4.4
BAR	Fa	6363	 5.7 4.0 4.7 4.0 5.3 3.7 4.0 4.7 4.7 4.4
GO-1BFD	 5.7 5.3 5.7 3.7 4.3 4.0 4.0 5.0 5.3 4.4
Justice* 5.7 5.3 4.3 4.0 5.0 4.0 4.0 4.7 4.3 4.3
Stetson	II	(NA-SS) 6.7 5.0 4.7 4.0 4.7 4.3 3.7 4.7 4.7 4.3
Aggressor	(IS-TF-153)	 5.7 5.3 4.7 4.0 4.0 4.0 4.3 4.7 4.7 4.3
Fat	Cat	(IS-TF-161)	 6.3 5.0 4.7 3.7 4.7 4.0 4.0 4.7 4.7 4.3
AST	7002*	 6.0 4.3 5.0 3.3 4.0 4.0 4.3 5.3 4.3 4.2
KZ-1 6.3 4.3 4.0 4.3 5.3 3.7 4.0 4.0 4.0 4.2
IS-TF-159 5.7 6.0 5.0 3.7 4.7 3.7 3.7 4.3 4.0 4.0
Silverado* 4.0 3.7 4.3 3.3 5.3 3.0 3.7 4.3 3.7 3.9
Ky-31* 3.0 3.0 4.3 2.3 4.7 3.0 2.3 3.0 3.0 3.1







Irrigation Requirements of 28 Kentucky 
Bluegrass Cultivars and Two Texas Bluegrass 

















































































































Table 1. Kentucky bluegrass cultivars and Texas bluegrass hybrids selected for the 




































Block 1 Block 2 Block 3
Midnight	II Thermal	Blue	Blaze Diva Shamrock Bedazzled Langara Kingfisher Envicta Bartitia
Julia Blue	Velvet Longhorn Moonlight Bartitia Touchdown Unique Eagleton Nu	Destiny
Baron Shamrock Wellington Park Cabernet Skye Bedazzled Limousine Abbey
Unique Skye Touchdown Kenblue Baron Unique Blue	Knight Baron Blue	Velvet
Kenblue Preakness Bartitia Limousine Midnight Nu	Destiny Midnight Preakness Midnight	II
Cabernet Apollo Envicta Wellington Award Blue	Velvet Shamrock Touchdown Diva
Blue	Knight Midnight Moonlight Apollo Preakness Longhorn Award Kenblue Longhorn
Langara Park Abbey Envicta Abbey Thermal	Blue	Blaze Cabernet Langara Park
Eagleton Nu	Destiny Limousine Julia Diva Kingfisher Moonlight Skye Apollo
Award Kingfisher Bedazzled Blue	Knight Eagleton Midnight	II Thermal	Blue	Blaze Wellington Julia
Figure 1. Schematic of the layout of 90 plots of bluegrasses, which covered an area of 




Figure 2. Well-watered plots at the beginning of the study (June 4, 2007) before dry-
down experiments were initiated.




























































Table 1. Stolon number, length, and branching and total biomass of shade-grown zoysiagrasses and reduction in growth compared with zoysiagrasses 
grown in full sun at Manhattan, Kan., in 2008
Stolon	characteristics














Emerald	(Z. japonica × Z. tenuifolia) 12.3	abcd 78.4	b 184	de 18.6	a 16.5	abc 66.1	bcd 33.0	abc 67.0	a
Z. japonica
Meyer 3.8	f 95.0	a 162	de 30.6	a 7.8	cd 82.9	ab 26.7	abcd 73.4	a
Chinese	Common	 6.8	ef 78.0	b 319	abc 20.8	a 15.1	abc 59.5	bcd 29.3	abcd 70.7	a
Z. matrella
Diamond	 3.2	f 94.5	a 95	e 31.4	a 3.1	d 92.5	a 34.4	ab 65.6	a
Cavalier	 10.7	bcde 85.1	ab 243	bcd 18.0	a 11.6	bcd 68.2	abcd 17.8	bcd 82.2	a
Zorro	 14.8	ab 86.0	ab 303	abc 29.3	a 19.6	ab 72.2	abcd 6.1	d 93.9	a
Cavalier	×	C.	Common	
5311-22	 17.5	a 79.5	b 309	abc 28.7	a 13.3	abc 61.1	bcd 15.4	bcd 84.6	a
5311-27	 12.0	bcde 75.0	b 213	cde 44.3	a 10.9	bcd 73.8	abc 43.9	a 56.2	a
Zorro	×	C.	Common	
5312-49	 9.2	cde 81.9	ab 336	ab 37.7	a 15.2	abc 52.8	cd 17.2	bcd 82.8	a
Emerald	×	Meyer
5321-3	 13.0	abc 86.9	ab 383	a 8.7	a 19.9	ab 57.1	bcd 9.98	cd 90.0	a
5327-19	 9.7	bcde 80.2	b 348	ab 13.6	a 21.3	a 46.6	d 18.8	bcd 81.2	a



























Table 2. Stolon number, length, and branching and total biomass of shade-grown zoysiagrasses and reduction in growth compared with zoysiagrasses 
grown in full sun at Manhattan, Kan., in 2009
Stolon	characteristics














Emerald	(Z. japonica × Z. tenuifolia) 25.8	abc 76.0	ab 407	bc 70.1	a 12.1	c 58.1	a 32.0	ab 89.1	a
Z. japonica
Meyer 5.8	d 85.3	a 336	c 56.9	ab 14.2	bc 50.0	a 13.17	b 97.2	a
Chinese	Common	 9.7	cd 89.2	a 545	abc 44.4	bc 16.4	bc 24.3	a 29.3	ab 97.9	a
Z. matrella
Diamond	 14.3	abcd 57.4	bc 379	bc 65.1	ab 15.8	bc 20.4	a 14.0	b 90.5	a
Cavalier	 21.2	abcd 76.0	ab 454	bc 64.6	ab 15.4	bc 48.7	a 17.7	ab 97.0	a
Zorro	 28.2	ab 38.0	c 520	abc 68.6	a 20.5	abc 47.5	a 26.2	ab 96.8	a
Cavalier	×	C.	Common	
5311-22	 30.2	a 65.3	abc 770	a 63.9	ab 31.9	a 10.4	a 41.3	ab 97.9	a
5311-27	 20.7	abcd 74.0	ab 482	bc 67.9	a 23.1	abc 51.5	a 34.2	ab 96.2	a
Zorro	×	C.	Common	
5312-49	 22.5	abc 72.8	ab 638	ab 59.4	ab 25.8	ab 8.5	a 54.7	a 92.8	a
Emerald	×	Meyer
5321-3	 21.8	abcd 80.2	a 601	abc 56.8	ab 24.9	ab 19.1	a 25.3	ab 96.0	a
5327-19	 19.5	abcd 43.9	bc 515	abc 52.7	abc 16.1	bc 44.1	a 20.7	ab 85.7	a



























Table 3. Changes in tiller number of shade-grown zoysiagrasses from July 14 to Sept. 27, 2008, and from July 1 to Sept. 23, 2009, at Manhattan, Kan.
Tillers1	(no./20	cm2)
2008 2009
Cultivar	or	experimental	progeny July	14 Sept.	17 Change	(%) July	1 Sept.	23 Change	(%)
Emerald	(Z. japonica × Z. tenuifolia) 68.3	bc 76.2	b +	22.4	a 78.8	bcd 83.8	b +	17.4	a
Z. japonica
Meyer 72.2	bc 56.3	bcde -	18.7	abc 53.3	cde 50.7	de +0.7	ab
Chinese	Common	 29.3	c 34.5	e +	21.1	ab 33.2	e 36.2	f +	18.3	a
Z. matrella
Diamond	 189.7	a 114.2	a -	39.2	bc 131.3	a 139.5	a +19.4	a
Cavalier	 89.5	b 65.8	bcd -	8.4	abc 82.8	bcd 70.8	bc -	1.9	ab
Zorro	 72.2	bc 69.2	bc -	0.9	abc 91.3	bc 77.0	b -	13.6	ab
Cavalier	×	C.	Common	
5311-22	 47.5	bc 36.2	de -	22.8	abc 55.8	cde 43.8	ef -	20.6	ab
5311-27	 87.3	b 45.2	cde -	43.3	c 44.0	de 45.3	ef +	4.7	ab
Zorro	×	C.	Common	
5312-49	 41.7	c 39.8	cde -	4.4	abc 49.5	de 56.8	cde +20.8	a
Emerald	×	Meyer
5321-3	 42.0	c 45.0	cde +	9.9	abc 50.7	de 50.3	de +6.9	ab
5327-19	 31.8	c 32.3	e +	6.31	abc 63.7	bcde 48.0	de -19.6	ab






Figure 1. The study was conducted just to the north of this line of maple trees in Man-
hattan, Kan.
Figure 2. David Okeyo counts tillers in the shade.
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Table 1. Rates of stolon production, elongation, and branching of zoysiagrasses at Manhattan, Kan., in 2007 and 
20081
Stolons2	(no./week) Elongation3	(mm/week) Branching4	(no./week)
Cultivar	or	experimental	progeny 2007 2008 2007 2008 2007 2008
Meyer	(control) 2.91	c 3.40	b 38.0	bc 26.8	cd 5.56	ab 5.64	ab
DALZ0102	 2.62	c 7.46	ab 26.4	c 36.3	bc 4.08	b 5.42	ab
Cavalier	×	Meyer	(5283-27) 4.66	b 6.90	ab 35.1	bc 41.9	bc 4.71	ab 6.77	ab
Cavalier	×	Chinese	common
5311-3 5.61	ab 7.21	ab 53.3	ab 36.7	bc 4.60	ab 1.75	c
5311-8	 4.61	b 6.50	ab 46.2	b 35.0	bc 3.75	b 4.39	bc
5311-22	 6.26	a 7.62	ab 55.7	ab 46.0	bc 4.71	ab 3.67	bc
5311-26	 4.96	ab 5.25	b 34.1	bc 39.6	bc 3.48	b 3.02	c
5311-27	 4.84	ab 7.85	ab 43.6	b 46.3	bc 3.23	b 4.45	bc
5311-32	 4.65	b 7.74	ab 49.3	ab 46.0	bc 4.23	b 5.13	bc
Zorro	×	Chinese	common
5312-36	 4.07	bc 7.81	ab 58.0	ab 49.1	b 5.21	ab 6.35	ab
5312-49	 3.49	bc 5.28	b 61.9	a 65.1	a 3.58	b 6.49	ab
Emerald	×	Meyer
5321-3	 4.92	ab 8.62	a 39.6	bc 40.3	bc 3.60	b 4.62	bc
5321-24	 2.89	c 7.65	ab 21.6	c 30.6	cd 3.44	b 5.06	bc
5321-45	 2.41	c 4.59	b 37.4	bc 33.5	c 4.67	ab 5.37	b
5321-48	 2.19	c 3.24	b 21.3	c 18.8	d 2.60	b 4.44	bc
8501	×	Meyer
5324-18	 5.34	ab 8.38	a 54.8	ab 43.2	bc 6.01	ab 7.66	a
5324-27	 4.69	ab 7.76	ab 32.0	bc 37.8	bc 2.33	b 6.71	ab
5324-52	 2.58	c 5.48	b 32.5	bc 29.1	cd 3.82	b 6.22	ab
5324-53	 4.12	bc 7.06	ab 58.1	ab 39.1	bc 7.09	a 5.32	b














Table 2. Coverage of zoysiagrasses at Manhattan, Kan., in 2007 and 2008
Coverage1	(%)
Cultivar	or	experimental	progeny Aug.	24,	2007 Sept.	24,	2007 Sept.	4,	2008
Meyer	 55.8	cd 94.7	ab 50.0	d
DALZ0102	 66.7	bc 94.7	ab 90.0	ab
Cavalier	×	Meyer	(5283-27) 53.3	cd 85.0	abcd 85.0	ab
Cavalier	×	Chinese	common
5311-3 54.2	cd 90.0	abc 85.0	ab
5311-8	 63.3	bc 95.0	ab 73.3	abc
5311-22	 78.3	a 97.7	a 75.0	abc
5311-26	 67.5	b 96.0	ab 70.0	bcd
5311-27	 65.4	bc 96.3	ab 85.0	ab
5311-32	 64.2	bc 94.7	ab 90.0	ab
Zorro	×	Chinese	common
5312-36	 60.0	c 97.7	a 85.0	ab
5312-49	 66.7	bc 94.7	ab 75.0	abc
Emerald	×	Meyer
5321-3	 72.5	ab 99.0	a 95.0	a
5321-24	 42.5	e 76.7	cd 75.0	abc
5321-45	 51.7	d 85.0	abcd 56.7	cd
5321-48	 43.3	e 73.3	d 50.0	d
8501	×	Meyer
5324-18	 74.2	ab 97.7	a 90.0	ab
5324-27	 44.2	e 81.7	bcd 90.0	ab
5324-52	 55.8	cd 86.7	abcd 70.0	bcd
5324-53	 56.7	cd 93.3	ab 80.0	ab








Figure 1. Measuring stolon growth characteristics in the field.
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Table 1. Lethal temperatures resulting in death of 50% of zoysiagrass tillers (LT50) after sampling from the field at 
Manhattan, Kan., 2007, 2008, and 2009
LT50	(°C)1
Cultivar	or	experimental	progeny Dec.	15,	2007 Feb.	15,	2008 Oct.	15,	2008 Dec.	15,	2008 Feb.,	15	2009
Meyer -10.7	c -12.9	b -5.8	a -12.0	b -4.8	a
Cavalier -0.2	a -5.2	a -4.8	a -5.0	a -4.8	a
DALZ	0102 — -10.9	b -7.3	a -10.9	ab -4.8	a
Cavalier	×	Meyer -8.6	bc -8.4	ab -4.8	a -9.0	ab -4.8	a
Cavalier	×	Chinese	common
5311-3 -9.0	bc -11.8	b -4.8	a -11.6	b -4.8	a
5311-8 -8.8	bc -10.0	b -4.8	a -6.2	ab -4.8	a
5311-22 -9.3	c -10.8	b -4.8	a -9.5	ab -4.8	a
5311-26 -10.3	c -11.8	b -4.8	a -8.4	ab -4.8	a
5311-27 -10.4	c -12.2	b -2.7	a -8.5	ab -4.8	a
5311-32 -9.0b	c -10.9	b -5.5	a -11.0	ab -4.8	a
Emerald	×	Meyer	(5321-3) -10.4	c -10.8	b -6.0	a -9.6	ab -4.8	a
8501	×	Meyer
5324-18 -8.4	bc -11.3	b	 -7.2	a -8.8	ab -4.8	a
5324-53 -3.4	ab -10.9	b -7.3	a -8.2	ab -4.8	a







Figure 1. Plugs sampled from the field were subjected to freezing temperatures in a 
chamber.
Figure 2. Recovery was evaluated in the greenhouse.
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cover Fall	color Billbug May June July Aug. Mean
380-1 M 8.0 2.0 9.0 65.0 5.3 0.0 4.3 7.0 8.7 8.7 7.2
DALZ	0701 M 7.3 9.0 26.7 7.0 0.0 2.7 8.0 8.0 8.3 6.8
Zorro M 7.0 1.0 9.0 38.3 6.7 0.0 4.0 6.7 8.0 8.3 6.8
Meyer J 7.0 2.0 6.7 86.7 6.3 8.3 5.3 6.7 7.0 7.0 6.5
29-2 J 6.7 5.3 7.0 88.3 6.7 13.3 5.7 6.3 6.3 7.0 6.4
240 J 7.7 2.3 7.0 88.3 5.0 0.0 4.7 7.0 7.0 6.7 6.3
DALZ	0702 M 7.0 9.0 18.3 7.0 0.0 1.7 6.7 7.7 8.0 6.0
Zenith J 7.0 5.0 5.3 90.0 5.0 13.3 6.3 5.3 6.0 6.3 6.0
DALZ	0501 M 7.3 9.0 18.3 6.7 0.0 2.3 5.7 7.3 8.0 5.8
Shadowturf M 7.0 9.0 3.0 6.7 0.0 1.0 4.0 5.3 7.0 4.3
L1F M 0.0 1.0 1.0 1.0 1.0 1.0
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color May June July Aug. Sept. Avg.
609	 V 4.3 80.0 5.3 9.0 4.3 7.0 4.7 8.3 4.7 6.3 6.0 6.0 6.0 5.9
Legacy V 4.7 75.0 7.0 3.0 4.7 5.3 4.7 3.7 4.0 4.7 5.7 6.7 6.7 5.3
NE-BFG07-09	 V 6.0 85.0 6.0 9.0 5.3 5.0 5.0 5.0 4.7 5.7 5.3 5.7 5.7 5.3
NE-BFG07-03	 S 5.3 71.7 7.0 5.0 5.0 5.7 5.3 2.0 4.3 5.0 5.7 5.3 5.3 5.1
NE-BFG07-08	 S 4.7 70.0 7.0 5.3 4.7 5.7 5.0 2.0 3.7 5.0 5.7 5.3 5.3 4.9
NE-BFG07-02	 S 4.0 63.3 7.0 4.7 4.3 5.3 5.3 2.0 3.3 4.7 6.0 5.3 5.3 4.8
NE-BFG07-11	 V 4.3 65.0 6.3 8.3 5.3 5.7 4.0 3.7 3.7 5.0 5.7 5.0 5.0 4.7
NE-BFG07-04	 S 4.7 61.7 7.0 4.0 4.7 5.7 5.7 2.3 3.7 4.7 5.0 5.0 5.0 4.6
Prestige V 4.0 60.0 5.0 9.0 6.3 6.0 4.7 3.0 4.0 4.7 4.7 4.7 4.7 4.5
NE-BFG07-01	 S 4.0 65.0 7.0 5.3 5.0 5.0 4.3 2.0 3.3 5.0 5.0 4.7 4.7 4.5
NE-BFG07-12	 V 4.7 65.0 6.0 9.0 5.3 5.7 4.3 2.0 4.0 4.7 5.0 4.7 4.7 4.5
NE-BFG07-10	 V 4.3 63.3 6.0 9.0 5.7 5.3 5.3 3.0 3.3 4.3 4.7 5.3 5.3 4.4
Texoka S 4.0 66.7 7.0 7.0 4.0 4.7 4.3 4.3 3.0 5.0 4.7 4.0 4.0 4.2
Cody S 3.7 56.7 7.0 6.7 4.7 4.7 4.3 3.0 2.7 3.7 4.3 5.0 5.0 4.0
Bison	 S 2.0 30.0 7.5 7.5 3.5 4.0 4.0 4.5 2.5 3.5 4.0 3.5 3.5 3.5
Bowie	 S 2.0 33.3 7.0 7.0 4.0 4.0 5.0 2.3 2.0 3.0 4.0 4.0 4.0 3.4
NE-BFG07-13	 V 3.3 40.0 6.0 8.7 4.7 5.0 3.0 1.0 2.3 3.0 3.7 3.0 3.0 3.0
































density Texture Fall	color May June July Aug. Sept. Oct. Avg.
NE-BFG07-10 V 8.0 8.7	ab 8.7	ab 8.0	a 6.7	a 8.0	a 8.7	a 9.0	a 9.0	a 8.0	a 8.2	a
Prestige V 7.0 9.0	a 9.0	a 7.0	cd 5.7	abc 8.0	a 8.7	a 9.0	a 9.0	a 8.0	a 8.1	a
Legacy V 7.3 8.7	ab 8.7	ab 7.3	bc 6.7	a 8.0	a 8.0	ab 8.3	ab 8.0	bc 7.7	ab 7.8	abc
NE-BFG07-12 V 7.0 7.7	bcd 8.0	c 7.0	cd 6.7	a 7.0	bc 7.7	abc 8.3	ab 8.7	ab 6.7	cde 7.5	bc
NE-BFG07-09 V 7.3 8.0	abc 8.0	c 7.3	bc 6.0	abc 7.3	ab 7.7	abc 8.0	bc 7.7	cd 7.3	abc 7.3	cde
NE-BFG07-03 V 7.0 7.0	cde 8.0	c 6.3	ef 6.0	abc 7.0	bc 7.7	abc 8.0	bc 7.7	cd 7.3	abc 7.3	cde
NE-BFG07-08 S 7.3 7.7	bcd 8.0	c 6.3	ef 6.3	ab 7.3	ab 7.3	bcd 7.7	bcd 8.0	bc 7.0	bcd 7.3	cde
NE-BFG07-11 S 7.3 7.0	cde 8.0	c 7.7	ab 6.7	a 7.0	bc 7.0	bcd 8.0	bc 8.0	bc 7.0	bcd 7.3	cde
NE-BFG07-02 S 7.0 7.0	cde 8.0	c 6.0	f 6.3	ab 7.0	bc 7.7	abc 7.7	bcd 7.3	cd 7.0	bcd 7.2	def
NE-BFG07-04 S 7.3 7.3	cde 8.0	c 6.0	f 6.3	ab 7.3	ab 7.7	abc 7.7	bcd 7.3	cd 6.7	cde 7.2	def
NE-BFG07-01 S 7.0 6.3	e 8.0	c 6.0	f 6.7	a 7.0	bc 7.3	bcd 7.3	cd 7.0	d 6.7	cde 7.0	defg
609 V 7.3 8.7	ab 8.3	ab 7.7	ab 4.3	d 6.3	cd 7.3	bcd 8.0	bc 8.0	bc 8.0	a 7.0	defg
NE-BFG07-13 V 8.0 7.3	cde 8.0	c 6.7	de 4.3	d 7.3	ab 8.0	ab 8.0	bc 7.7	cd 6.0	e 6.9	efgh
Bowie S 7.3 7.3	cde 8.0	c 6.3	ef 5.0	cd 6.7	bcd 7.3	bcd 7.7	bcd 7.7	cd 6.7	cde 6.8	efgh
Cody S 7.0 7.0	cde 8.0	c 6.3	ef 5.3	bcd 6.3	bcd 7.0	bcd 7.3	cd 7.7	cd 6.0	e 6.6	fgh
Texoka S 7.3 6.7	de 8.0	c 6.7	de 5.3	bc 6.3	bcd 6.7	cd 7.0	d 7.3	cd 6.0	e 6.4	gh
Bison S 7.3 6.3	e 8.0	c 7.0	cd 5.0	cd 6.0	d 6.3	d 7.0	d 7.3	cd 6.3	de 6.3	h














































































Table 1. Recommended ornamental grass varieties for Kansas


















Arundo donax Variegata 136 152 100 118 100
Calamagrostis × acutiflora Karl	Foerster 22 52 100 18 50 100
Hystrix patula 0 5 19 44
Leymus arenarius Blue	Dune 25 45 100 14 34 100
Miscanthus sinensis Adagio 35 58 75 36 52 100
Miscanthus sinensis Little	Kitten 33 56 80 34 50 100
Miscanthus sinensis Little	Zebra 45 66 100 39 63 78
Miscanthus sinensis Silberfeder 59 84 100 56 96 100
Miscanthus sinensis Silberfeil 59 70 80 44 72 100
Miscanthus sinensis Strictus 62 87 100 46 78 100
Miscanthus × giganteus 114 131 100 140 100
Molinia arundinacea Skyracer 30 98 100 11 53 78
Panicum virgatum 42 60 100 51 78 100
Panicum virgatum Cloud	Nine 66 90 100 71 92 100
Panicum virgatum Dallas	Blues 60 83 80 65 84 100
Panicum virgatum Prairie	Sky 35 56 100 43 75 100
Pennisetum alopecuroides Hameln 19 34 100 10 21 100
Pennisetum orientale Karley	Rose 29 40 100 32 43 100
Saccharum ravennae 70 145 100 74 149 100
Schizachyrium scoparium 36 36 100 10 49 100
Sporobolus heterolepis 14 44 100 14 34 100
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